Introduction
Sugar is produced in 121 countries in the world.
1 It remains one of the most distorted sectors in the world, and only in a handful of countries producers face world prices. In many industrialized countries sugar producers benefit from all sorts of border protection, as well as domestic and export subsidies.
There has been significant pressure on OECD countries to liberalize their sugar sector. Some estimates suggest that world prices could increase by as much as 40 percent following the elimination of all trade distorting policies in this sector (Mitchell, 2005) , and this could benefit many developing countries which have a natural comparative advantage in the production of sugar.
Brazil is likely to be one of the largest beneficiaries from such a reform. 2 It is the largest producer and exporter of sugar in the world, accounting for 28 percent of world sugar cane production and 25 percent of world sugar 1 Around 60 to 70 percent of world production takes place in tropical countries from sugar cane and 30 to 40 percent in more temperate climates from sugar beet. 2 Brazil has recently won a WTO dispute that requires the EU to reduce its sugar subsidies. Moreover, the EU has announced a reform that would cut its reference price by around 40 percent. If accompanied by a reduction in border barriers in the EU, this could lead to a significant increase in the world price of sugar. Note, however, that the development implications of the EU reform are not clear as many developing countries (those benefiting from ACP preferences) would lose from EU reforms, as ACP sugar exporters benefit from quota constrained high reference prices when exporting sugar to the EU.
exports.
But who is likely to be the largest winner within Brazil? Some have argued that given the structure of the sugar sector, and the large mechanization it has experienced in recent years, very little of the economic gains will accrue to small farmers and agricultural workers in Brazil. Rather, reforms in the OECD are likely to benefit almost exclusively large multinational firms investing in Brazil. Indeed, since Brazil opened its sugar sector to foreign investment in the late 1980s around 30 European firms established their presence in Brazil, representing about 10 percent of the sector's total output (Moraes, 2004) . 3 Nevertheless, the impact of an increase in sugar prices on the poorest segments of the population can be quite large. The sugar sector accounts for a substantial share of employment among the poor in Brazil. A third of sugar workers in the North and Northeast are illiterate, and almost 60 percent of sugar workers in Brazil have not completed primary school.
Moreover, the sugar sector's overall contribution to GDP and employment is around 1 percent and reaches 3 to 4 percent in Pernambuco. General equilibrium effects may lead to relatively large impact on wages and employment in other sectors as well, depending on inter-industry linkages and factor mobility across sectors and industries. Thus, the presence of foreign capital in a relatively concentrated sector does not preclude significant impacts on labor markets, which can significantly contribute to poverty reduction in some regions of Brazil.
This paper investigates how changes in the world price of sugar could affect individuals within different segments of the income distribution by focusing on the relationship between sugar prices, wages and employment.
Thus, we first estimate the extent of price transmission from world markets to eleven Brazilian states. Some states may be more isolated than others, and our first step is an attempt to capture the heterogeneity in price transmission to different regions. Then, we simultaneously estimate the impact that changes in local sugar prices have on regional wages and employment for workers with different characteristics. Finally, we simulate the impact of a 10 percent increase in world sugar prices on household's labor income. 4 Empirical results suggest that in the long run price transmission is above 70 percent except for the poor states of Pernambuco and Bahia. Increases in wages associated with higher sugar prices tend to benefit relatively more workers in the sugar sector, but workers in other sectors also benefit, suggesting that there is imperfect intersectoral mobility. 5 There is also imperfect inter-regional mobility as workers in sugar growing and processing regions experience higher wage changes than workers in other regions.
More interestingly, better educated workers generally experience higher wage increments when sugar prices increase. This may be partly due to the fact that mechanization has made this sector more capital and skilled intensive. 6 An alternative explanation, which seems to be more consistent with our empirical results, is that an important pool of unemployed unskilled workers puts downward pressure on the wages of poor and unskilled workers. Therefore, their wages are relatively less sensitive to changes in labor demand. This is confirmed by the fact that even though more educated workers experience higher percentage increases in wages, the largest increases in employment were observed for unskilled workers.
Thus, if the wage effects tend to benefit relatively more workers in the top income quintiles, the employment effect benefited relatively more workers belonging to the bottom income quintiles, who are moving out of unemployment. When these two effects are put together, households throughout the income distribution tend to experience similar gains, even though the sources of gain are different.
Assuming a 10 percent increase in world prices, aggregate labor income changes amount to $5 billion (or 1.04 percent of GDP). Thus, Brazilian workers are likely to benefit substantially from liberalization of the sugar sector in OECD countries. Our estimates also suggest that around 450 thousand Brazilians will be brought out of poverty following a 10 percent increase in world sugar prices.
The rest of the paper is organized as follows. Section 2 provides background information on the functioning of the sugar sector in Brazil and the characteristics of its labor force. Section 3 discusses the empirical methodology used to estimate the transmission of changes in the world price of sugar into local sugar prices and the impact of local prices on wages and employment. Section 4 presents the empirical results. Section 5 concludes. A data appendix discusses data sources and variable construction. sugar cane production and 60-65 percent of sugar production (see Table 1 ).
The North-Northeast (mainly the states of Pernambuco), however, accounts for 70-75 percent of exports (Bollings and Suarez, 2002) . Almost 45 percent of all production is consumed domestically. Domestic food manufacturers account for approximately 35-45 percent of the total consumption, the rest being direct consumption.
Prior to sugar sector in the 1990s reforms the Brazilian sugar and alcohol industry was highly regulated, and the policies for sugar and ethanol were interconnected. Sugar mills and distilleries received credit guarantees and 7 A bit more than half of Brazilian sugar cane is used for the production of ethanol (fuel alcohol). Brazil's interest in ethanol production dates back to the first oil crisis. The ethanol content of gasoline is regulated by decree at around 20 to 24 percent. subsidized interest rates. Domestic marketing of sugar and alcohol was statecontrolled, with the Institute of Sugar and Alcohol (IAA) acting as a state trading enterprise, setting production quotas and allocating them among the sugar mills and distilleries. Above-quota production was allowed to be exported subject to licensing requirements and export tax. The government fixed domestic prices paid to sugar cane growers, giving higher prices to the growers in the high-cost production areas in the North. Around 75 percent of sugar cane is grown by the mills, which hire seasonal workers at hourly wages, while the rest belongs to independent producers (Moraes, 2004) . In 2002, approximately 765 thousand people were employed in sugar and alcohol production. Of these, around 48 percent were employed in sugar cane production. Only 12 percent were employed in the alcohol producing sector. According to interviews with workers' representatives in the sector, Moraes (2004) estimates that 95 percent of employment is formal. Table 2 shows the distribution of workers by region, age groups and education levels for both sugar cane growing and production of sugar. 40 percent more workers were employed in the Central-South region than in the North. The ratio of employment to production (combining Table 1 and 2) suggests that the Central-South region is 2.5 times more productive than the North region. This is mainly explained by the quality of land in different regions, but also the higher degree of mechanization in the Central-South region. This is also reflected in the significant differences in the level of education of sugar workers across regions. In the Central-South region only 4 percent of workers are illiterate, whereas in the North the proportion is roughly one-third.
The average level of education among workers in the sugar sector (3.7 years) is higher than in the rest of the agricultural sector (2.8 years), but substantially lower than the average for the economy as a whole (6.4 years). The sugar sector has traditionally been relatively intensive in low-skilled labor. Table 3 shows the ratio of high-educated workers (defined as those with more than 8 years of education) to low-educated workers (defined as those with less than 5 years of education) in different sectors in Brazil. The sugar grow-7 ing and processing sectors employ a relatively small share of high-educated workers relative to other sectors -with the exception of other agricultural sectors. Note that sectors that are heavy sugar consumers such as food and beverages industries are relatively intensive in high-educated workers, which suggest that these type of general equilibrium linkages would only reinforce the relatively low-educated intensity of the sugar sector. However, over the last decade the share of high-educated workers in the sugar processing and growing sectors grew drastically relative to the rest of the economy, growing on average 6 times more (see last column of Table 3 ). This is partly due to the transformation that the sector has undergone over the past decade. Reforms resulted in a transformation of the sector from being primarily family owned to an industry dominated by larger, technologically advanced factories. Sugar cane loading, transport and cultivation is 100 percent mechanized and harvesting is around 35 percent mechanized. Rezende Barboza). The fact that MBA courses are being targeted to the sugar sector seems to suggest that there is a certain level of sector specific skills that need to be acquired. Thus, one may expect that changes in sugar prices would have a higher impact on wages of skilled workers in the sugar sector if these have relatively more sector specific skills. This will be tested in the empirical section.
Empirical methodology
In order to evaluate the impact of world sugar prices on household income we proceed in three steps. First, we estimate the extent of price transmission from world sugar prices to local markets. Second, we estimate the impact of local sugar prices on wages and employment in different categories of the labor force. Finally, using these estimates, we simulate for each income quintile the impact of a 10 percent increase in world prices on household income. The three steps are described below.
From world to local sugar prices
The extent of price transmission from world to local markets depends on how well integrated these markets are with the world market. Distance to ports, road infrastructure, access to information all play a role. These characteristics are likely to vary from one region to another affecting the impact that changes in world prices will have on earnings in each region.
First we use an Engle-Granger residual-based tests to determine the long-term cointegrating relationship between each of the local prices and the world price. This is done by regressing the price in each state on the world price:
If in fact a cointegrating relationship between the price pairs exists, the OLS estimator is consistent despite the apparent problem of nonstationarity of the price-time series and the problem of replacing a simultaneous-equation model for all states with a single equation (Greene, 2000) . Equation (1) is estimated for each of the states using a Seemingly Unrelated Regression (SUR)
to control for any exogenous shock that may be affecting prices in a similar way in all regions. The prices used in the analysis are in log form, which allows us to interpret the coefficients of cointegration as long-term elasticities of the local prices with respect to the world price. We will use these estimates when simulating the impact of a 10 percent increase in world prices on local wages and employment. To establish cointegration, the residuals µ t are tested for unit root using the Augmented Dickey-Fuller (ADF) procedure.
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In addition to estimating the cointegrating vectors we estimate an errorcorrection model to explain the dynamics around the long-term cointegrating relationship. The response of domestic prices to changes in the world price is decomposed into an immediate change following the shift in prices and an 9 The ADF test for a unit root without trend involves estimating the following equation for a time-series variable y t : ∆y t = β +λy t−1 + k j=1 η j ∆y t−j +v t where k is the number of lags of the first differences used. The null hypothesis is that each of the time series follows a nonstationary process with a unit root, i.e., λ = 0 (which is tested against λ < 0). If the null of unit root is rejected, we proceed as if the domestic and world price series are cointegrated.
wage change, if labor markets are integrated, or if sugar is a complement or substitute in the production or consumption of other goods.
11
The Heckman model corrects for the potential selection bias that OLS estimation would produce due to the fact that we only observe the wages of those individuals that were employed. Correction is done by specifying a selection equation that describes the latent variable z * i :
where ξ is a vector of parameters and x i is a vector of independent variables determining the employment status of individual i (time period subscripts are dropped for simplicity). This can be written as a probit model. The probit equation describes employment as a function of individual and regional characteristics. The variables included in this equation are real price of sugar, number of children below age 15 in the household, age of the worker and age squared, education level, race and gender of the worker, a dummy for urban/rural household location and interaction terms where real price of sugar is interacted with education level and the dummy for being located in a major sugar producing region. The coefficients on sugar prices will allow us to capture the impact that changes in the sugar price have on the employment probabilities of different individuals, the implicit assumption being that all 11 In the case of consumption one would need the complement or substitute good to be a non-traded good so that its price is not exogenously determined by world markets.
individuals deciding to participate in the labor market will be offered a job 12 .
The second equation in the labor market model is the wage regression:
where w i is the hourly real wage of individual i, S s,i are state variables for individual i (such as whether the region is a major sugar growing region), The interaction terms that are used in both the selection and wage equations imply that the elasticities of wage and labor market participation with respect to sugar prices vary from one individual to another, according to her level of education, her geographic location, the sector where she works and the type of employment. This proves to be important in estimating the impact of changes in sugar prices on household income at different points of the income distribution.
The Heckman selection model is estimated using maximum likelihood.
The estimates from this model allow us not only to calculate how wages would change following a change in the price of sugar, but also to measure the impact that changes in sugar prices may have on the labor market participation of each individual. Thus, we can estimate the impact of changes in local sugar prices on both wages and employment. In order to correct for possible correlation of the error terms within survey sample strata in each year, we use cluster robust error terms, where the clusters are defined by sample strata/year. All regressions include year and state dummies.
Simulating the impact on household's labor income
The third step consists of simulating the impact of a 10 percent increase of sugar world prices on households' labor income. For this task we use the estimates from the first and second steps. 13 The change in sugar prices will affect labor income through two channels: wages and employment. We focus on each of these in turn.
To capture the first effect, let us define the wage elasticity of individual i as ω i . Then using (5)
But we are interested in the elasticity with respect to world prices. Using the estimates in (1) we have that ∂lnp 
Denote w i the predicted real hourly wage of person i before the sugar price change, conditional on her being employed. Then her predicted real hourly wage after the 10 percent sugar price increase is w i = (1 + ω i )w i .
Thus, for those currently working, the change in the expected real monthly 13 Note that to have the full impact on household's real income we would need to have information on the share of sugar in the consumption basket of each household, as well as the sensitivity of sugar demand to changes in prices (see e.g., Nicita, 2004b ). This information is not available from labor surveys, so we focus only on the impact on labor income. Because sugar prices are increasing this means that at least in this sense our calculations overestimate the impact on real income. However a back of the envelope calculation suggest that overestimation is not a serious problem. The weight that the Brazilian statistical office (Instituto Brasileiro de Geografia e Estatística -IBGE) puts on sugar in its consumer price index is 0.8. So on average sugar accounts for 0.8 percent of household expenditure and therefore an upper bound for the real income loss associated with a 10 percent increase in sugar prices (i.e. abstracting from any substitution possibility and frictions in price transmission) is around 0.08 percent.
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wage is given by:
where i is the number of hours worked by individual i per month and π i and π i are the predicted probabilities of individual i of being employed before and after the sugar price change, respectively. The predicted probabilities were obtained using the estimates from the Heckman model.
Next we calculate the change in income for individuals that were not working prior to the price change. Note that wages are not the only source of household income. Labor income accounted for 78 percent of all income, but households also received dividends, interest, pensions, unemployment benefits and safety net transfers, which together accounted for the remaining 22
percent. Around 18% of the individuals not employed at the time the survey was conducted received some form of social benefits. Since the probability of being employed increases for most people as the sugar price rises, we assume that the person may choose to work following an increase in the price, but only if her expected wage exceeds the benefits currently received (unemployment benefits, social assistance, disability assistance, old age assistance, etc).
We assume that a person forfeits those transfers if she becomes employed.
We also assume that anyone entering the labor force works full-time and gets her average expected wage across sectors. Other types of income, such as interest and dividends, are assumed to be unaffected by sugar prices. The change in expected income of individual j due to the change in the probability of being employed is then given by the difference between the predicted income after the price change net of predicted income prior to sugar price 16 liberalization:
where is approximately 172 hours worked per month (corresponding to 40 hours per week), U j is social benefits received by individual j and π j and π j are the predicted probabilities of person j being employed before and after the sugar price change, respectively (conditional on her being employed and averaged across sectors) 14 . Note that in most cases U j is zero.
The total expected change in households' income is obtained by summing up the change in labor income of all household members that were employed, as described by (8), and all members that were not employed, as described by (9).

Empirical results
We start by presenting the results of price transmission estimates. We then turn to the estimates of the wage and employment elasticities with respect to sugar prices and we conclude this section with the simulation results.
Price transmission results
We first check which of the Brazilian states in our sample are cointegrated with the world market and estimate the parameters of the long-term rela- 14 We tried different specifications, giving more or less weight to wages in the sugar sector, but this did not change our qualitative results. 15 For calculation of percentage change in income we use the predicted initial total income from all sources as the denominator.
tionship between the local and the world prices of sugar. The stationarity of the price times series used in the model is tested and the appropriate ADF statistics are reported in Table 4 . For neither London Daily Price nor the Brazilian prices the ADF test rejects the null hypothesis that the prices follow a unit root process. 16 However, redoing the test in terms of first differences leads to rejection of the unit root hypothesis at 1 percent level for all price time series. Thus, price differentials can be used in the error-correction model.
We then test for a long-term cointegration between the local and the international prices as described by equation 1. The test statistics, also reported in Table 4 , imply that for all states except Pernambuco and Para, we should reject the hypothesis of no cointegration between the local and the world prices at the 1 percent significance level. In Pernambuco we reject the hypothesis at 10 percent. In Para, the ADF statistic for the residual is very close to the 10 percent critical value, so we estimate an error-correction model for Para along with the other states, although we can not conclude that the prices in that region are closely integrated with world prices.
The results of error-correction estimation for the 11 states are reported in Table 5 . The long-term cointegration coefficient (γ) was obtained from equation (1) and the coefficients of short-term transmission (δ) and adjustment (θ) were estimated using equation (2) . In São Paulo, where by far most sugar is produced and traded, a 1 percent increase in the world price of sugar leads to 1 percent increase in the local price in the long run (the elasticity is 1.01). 17 Perfect transmission was also found in Goiás and Minas Gerais, The estimated coefficients can be used to calculate the adjustment in local prices n periods/months after a one-time change in the world price. With a 1 percent change in the world market price occurring at time t = 0, the initial percentage change in the local price is given by δ. In the following period the error-correction component θ is added; n periods after the change in the world price has occurred the domestic prices change by a percentage m n : Table 5 shows the adjustment after 3 months, 6 months and 1 year. In most states, a 1 percent increment in the world price would only increase the local prices by 0.4-0.6 percent after 3 months. However, after a year has passed, the prices in most states become close to their new long-term equilibrium: on average 92 percent of the adjustment occurs within the first year. Given the relatively rapid adjustment, below we use the estimated longterm elasticity of local prices with respect to world prices (γ) to evaluate the impact of the change in the international price of sugar on labor income.
across countries and goods.
Wages and employment results
The results of the maximum-likelihood estimation of the Heckman model are presented in Table 6 . To understand how sugar prices affect different demographic groups in
Brazil we compute wage elasticities with respect to prices for persons with different characteristics. These elasticities and their standard errors are reported in Table 7 . Clearly, workers in the sugar processing sector gain most taneously affecting sugar prices and returns to education, we run a similar specification, introducing an interactive term between education and a time trend, but dropping year dummies to avoid multi-collinearity with the time trend. The coefficient on the interaction of education and sugar prices remains positive and significant and while the point estimate is a bit lower (0.009), it is not statistically different from the one reported in Table 6 .
Simulating a 10 percent increase in sugar prices
First, we provide an estimate of how a 10 percent increase in the world price of sugar would affect wages of those currently employed. 20 We use the actual survey data to calculate the predicted change in wages for each person employed and aggregate the results for various groups. The results by sector and education level are presented in Table 8 . Again, workers in sugar growing and sugar processing stand to gain the most. Even with imperfect transmission (recall that in many states a 10 percent increase in the world price would translate into less than 10 percent increase in the local price)
this change would bring a 2 to 4 percent wage increase, depending on the level of education. Workers in the service sector that have low level of education would on average lose 0.5 percent in wages, while well-educated service workers would experience a small gain (0.8 percent).
The first column of Table 9 provides an estimate of the percentage change in household income brought by the change in expected wages of those currently employed (as in Table 8 ), by income quintile. The average individual in all quintiles benefits from the 10 percent increase in world sugar prices, but the wage increases are larger for individuals in the top income quintile.
Conditional on being employed, the average individual in the top two income quintiles experiences an increase in income which is 17 percent higher than the one experienced by the average individual in the bottom two income quintiles. This suggests that the first effect (the wage effect) will tend to increase income inequality.
However, the second effect works in the opposite direction. Conditional on being unemployed the change in expected income after a 10 percent increase in the world price is higher at the bottom of the income distribution, as shown in the second column of Table 9 . The average unemployed individual in the bottom two income quintiles sees an increase in expected income which is 22 percent higher than the increase in income experienced by the average unemployed individual in the top two income quintiles. This result is not surprising, since it is among the poor that one would find most unemployment, and if one or more household members get a paid job it would translate into a substantial increase in household income among the poor.
The unconditional changes in expected income are given in the third column of Table 9 and incorporate both the changes in wages and the changes in the probability of being employed for all individuals (those currently employed and those currently unemployed). The effects of the two channels described above (wage and employment) are such, that the total gain is almost perfectly homogeneous across quintiles, with an average increase of 1.04
percent. This is equivalent to US$5 billion in 2002. This is larger than any previous estimate of how much the Brazilian economy would win overall from an increase in sugar prices, which implies that a significant share of the gains should be attributed to workers in the sugar sector, as well as workers in other sectors.
What are the effects of a potential sugar price increase on poverty rates This corresponds to around 450 thousand individuals raising their income above the poverty line.
Concluding remarks
It has been sometimes argued that most of the gains from a liberalization of sugar policies in OECD countries will mainly benefit rich owners of sugar mills in Brazil -the largest sugar exporter in the world. This paper focuses on the impact that liberalization of sugar policies in the OECD, and the consequent increase in world prices, would have on Brazilian workers through general equilibrium changes in wages and employment. By focusing on labor income gains we can assess the extent to which the liberalization of sugar 24 policies in the OECD is likely to affect the poorest segments of the population in Brazil.
To assess the implications of a 10 percent increase in world sugar prices (which is a conservative estimate of the effect that the elimination of OECD sugar policies would have on world prices) we first estimate the extent of sugar price transmission from world markets to 11 different Brazilian states. We found that domestic markets are closely connected with international markets; in the long run almost 90 percent of world price changes get transmitted to Brazilian domestic prices. The price transmission also occurs relatively fast as on average 92 percent of the adjustment occurs within the first year.
We then estimate the impact that changes in domestic sugar prices have on wages and the probabilities of being employed. We allow these elasticities to vary according to individual and regional characteristics. Workers in the sugar sector experience larger increases in wages than workers in other sectors, signalling some sector specificity. Similarly, workers in sugar producing regions experience much larger increases in wages and the unemployed in sugar producing regions are much more likely to find a job when sugar prices rise, which indicates some geographic frictions on labor mobility. We also found that highly educated workers are likely to experience larger income gains due to wage increases, but individuals with low levels of education tend to benefit relatively more from increases in employment. A potential explanation for this is that there is a larger pool of unemployed low-educated workers which puts downward pressure on the wages of these workers, in spite of a relatively larger demand increase for low-educated workers. Once we aggregate the wage and employment effects the income gains are quite 25 homogenous across income quintiles. The average elasticity of labor income with respect to sugar prices is 0.1 which indicates that a 10 percent increase in sugar prices will lead to an average increase in the income of Brazilian workers of about 1 percent or US$5 billion. This would lead to a 1.5 percent decline in the poverty rate.
Data Appendix
The main source of data for this study is Pesquisa Nacional Por Amostra de Pernambuco, Bahia and Minas Gerais) we converted crystal prices into refined prices by using the average ratio of refined to crystal prices in Brazil.
Note that the ratio varies over years. The ratio is taken as the average number of workers in the sector with 9 or more years of education divided by the number of workers in the sector with less than 5 years of education. Similar patterns are found when using the number of workers below and above the average education level in the survey which is around 7 years.
c The change is measured as the percentage change in the rati of high to low educated workers between the 1999-2002 period and the 1990-1993 period. a The Heckman selection model is estimated using maximum likelihood.
stands for signficance at the 1 percent level and for significance at the 5 percent level.
b Each of the variables is interacted with the log of the real price of sugar. c Measure as the number of children in the household who are 14 years old or younger.
d Services is omitted.
e The "employer" category is ommitted. a Obtained using the estimates provided in Table 6 and taking averages over group of individuals (using sample weights). Numbers in parenthesis are standard errors. The standard errors were calculated as the square roots of the corresponding variance:
Var(a 1 β 1 + ... + a n β n ) = where β 1 ...β n are the parameter estimates on the interaction variables in the wage equation of the Heckman model and a 1 ...a n are indicators that signal whether a person belongs to a particular group (all a i s, except years of education, are either zero or one).
b Low-educated individuals are defined as those with less than 5 years of education. Elasticities are computed at the average level of education within this group: 2.3 years.
c High-educated individuals are defined as those with more than 8 years of education. Elasticities are computed at the average level of education within this group: 11.8 years of education. Tables 5 and 6 and taking averages over group of individuals (using sample weights).
b Low-educated workers are defined as those with less than 5 years of education. c Average-educated workers are defined as those with more than 4 years of education, but less than 9.
d High-educated workers are defined as those with more than 8 years of education. a Obtained using the estimates provided in Tables 5 and 6 and taking averages over group of individuals (using sample weights).
b Measures the average increase in expected household income for those initially employed.
c Measures the average increase in expected household income for those initially unemployed.
d Measures the unconditional increase in income due to both wages and employment effects.
